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CHAPTER I

INTRODUCTION

The premise of this study is that since research in physics education in Thailand
lags behind physics education research in general, the translation, and validation of an
instrument used worldwide to assess students’ understanding of mechanics, will aid
research and curriculum development in Thailand. In addition, this first comprehensive
study of Thai freshman students' understanding of force as well as a statistical
comparison between the Thai data and data from studies in the USA and Europe, will
provide immediate input into ongoing curriculum reform in Thailand. In this chapter a
brief review of research in mechanics is presented as a background against which to
view the lack of similar research in Thailand.

Research over the past century has indicated that students come to science
classrooms with a number of naive conceptions, which can inhibit the learning, and
understanding of certain concepts (Driver & Easley, 1978; Driver & Erickson, 1983;
McCloskey, 1983; McDermott, 1984). In the early 1980s, McDermott (1984), Viennot
(1979), and other physics education researchers (Halloun and Hestenes, 1985A;
Clement, 1982) found that students come into a physics course with common sense
beliefs and intuitions about how the world works derived from extensive personal
experiences, language and culture. These common sense beliefs were found to be very

1
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stable and often compatible with the physics being taught in the introductory course,
but most often not. Over the last decade, physics education research has established
that these beliefs play a dominant role in introductory physics. Neglect of these beliefs
can result in the audience learning something that opposed to the educator’s intentions,
no matter how well those intentions are executed in exhibits, books, and lectures
(Rochelle 2002). A study by Hammer (1994) suggests that students may hold the
beliefs that physics is just a collection of symbols, formulas, and the rules for
manipulating them.

In summary then, research on common sense beliefs about motion (see for
example Caramazza, McCloskey, and Green, 1981; Champagne and Klopfer, 1980,
1982; Clement, 1982) has led to the following general conclusions.
1. Common sense beliefs about motion are generally incompatible with
Newtonian theory. Consequently, there is a tendency for students to
systematically misinterpret materials in introductory physics courses.
2. Common sense beliefs are very stable, and conventional physics instruction
does little to change them.

Students’ prior concepts have a profound effect on their learning in the
classroom. Watson & Konicek (1990) maintained that these prior concepts are often
well established and resistant to change. Wandersee, Mintzes, and Novak (1994)
collected research findings and proposed eight basic tenets regarding alternative

2
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conceptions.

Some more recent work has been added to Wandersee et al's

propositions:
1. Students come to formal science classroom instruction with a diverse set of
alternative conception concerning natural phenomena and events.
2. The alternative conceptions that students bring into classroom cut across
gender, age, and ability levels including cultural boundaries.
3. Alternative conceptions are often difficult to change. This problem may not
be solved by conventional teaching strategies. For example, the process of
conceptual change can be successful only when four conditions of
conceptual change are met (Posner, Strike, and Hewson, 1982). The
conditions are dissatisfaction with the old concept and the new concept
must be plausible, intelligible, and fruitful for the student. Other proposals
about the origins and concomitant robustness of alternative conceptions,
have been suggested, e.g. the "theory view" (McCloskey, 1983; Carey,
2000), the p-prim view (diSessa, 1994) and the difference in ontology (Chi,
1992).
4. Alternative conceptions have their origins in a disparate set of everyday
language, experience, and peer culture including classroom instructions and
materials.
5. Alternative conceptions often parallel explanation of natural phenomena
that offered by previous generations of scientists and philosophers.

3
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6. Teachers often subscribe the same alternative conceptions to students
during classroom instruction. This happens more to elementary science
teacher than to secondary science teacher because elementary teachers take
less science courses than that of secondary teachers. There is a possibility
that elementary science teachers have the same alternative conceptions as
their students.
7. Materials and instructions used in formal science classroom can lead
students to create alternative conceptions, which result in unintended
outcomes.
8. Teaching strategies that facilitate success in the process of conceptual
change can be an effective science classroom tool.

In Thailand, the Department of Education conducted a study involving more
than 100,000 grade 12 students and found that the average score in physics was 28%,
which was the lowest score among the natural science subjects. In addition, the physics
score in the university entrance exam in 2000 was 24% (Siwamoksatham, 2000). In the
past years, there were a small number of physics education research studies to probe
students’ misconceptions on physics concepts (Changmuenwai, 1991; Khongin, 1985;
Sankhampa, 1985). All of these studies showed that Thai students held many physics
misconceptions, similar to those identified in other countries. One of the studies
showed that Thai grade 11 high achieving students held alternative conceptions on
work, energy and momentum over a period of 13 years (Muensing, 1998). However,

4
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the instruments used in all the research were designed by a small group of people for a
specific purpose in a specific time, so they might not be considered standardized
instruments.

In addition, due to the small number of physics research studies in

Thailand, there are few instruments or tests available in Thai for researchers to assess
students' knowledge.

A well known instrument to probe students’ understanding about Newtonian
mechanics concept is the Force Concept Inventory (FCI) developed by Hestenes,
Wells, and Swackhamer (Hestenes, Wells, and Swackhamer, 1992). FCI had been
used all over The United States (Crouch and Mazur, 2001; Hake, 1998; Heller and
Huffman, 1995; Hestenes et al., 1992; Saperstein, 1995; Zukoski, 1996) and in other
countries e.g. Taiwan, Finland, and Israel (Chen, 1996; Savinainen, 2002; Trumper,
1999). But the FCI had never been used in Thailand.

Thailand is a developing country in South East Asia. A science curriculum
reform project is currently underway. However, reform requires studies to identify the
appropriate changes that fit into the current situation. Force, the central concept of
Newtonian mechanics (Hestenes et al., 1992) is the main concept that students need to
have an adequate understanding in order to move on to the next steps of physics study.
Without a proper understanding of force, the rest of mechanics is useless. So we need
to probe students’ beliefs and understandings of concept of force in order to design a
physics curriculum that makes the best fit to students.

5
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Science Education in Thailand
In Thailand, science is a compulsory subject in grades 1 to 9 and an elective
subject in grade 10 to 12. The Institute for the Promotion of Teaching Science and
Technology (IPST) develops the national science curricula. The Institute is reforming
Thailand educational system at present.

The new science curriculum for primary

school will be launched in around 2003 and the secondary level will start using the
new curriculum approximately in May 2004.

The IPST is responsible for development and implementation of science,
mathematics, and technology curricula at all school levels in Thailand, with the
following missions (IPST, 1999).
1. To develop standardized core curricula for science, mathematics, and
technology in compliance with the National Education Act, 1999.
2. To encourage and nurture excellence in science, mathematics and
technology among teachers and students.
3. To promote and develop teaching-learning materials so as to encourage
their diversity, relevance to the curricula, and responsiveness to local
conditions.
4. To promote and appraise the standards of teaching-learning materials and
management of science, mathematics and technology education.

6
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5. To foster excellence in science, mathematics and technology among
students.
In this study, the understanding of concepts of force of Thai freshmen will be
investigated. The standardized test, Force Concept Inventory (FCI), designed by
Hestenes and colleagues will be used for this purpose. The FCI has proven valuable at
every level of introductory physics instruction from high school to Harvard University
(Hestenes et al, 1992). The original FCI was translated in to Thai and retranslated to
English to ensure that as much of the original meaning was retained. Thai freshmen
were the population in the study.

The freshmen were divided into two groups

according to their high school locations.

The translated FCI was then administered to the population to probe
understanding and commonsense beliefs about Newtonian concepts. EXCEL and SPSS
programs were used to analyze responses and to investigate possible statistical
differences in the two groups (Bangkok and other cities). Results from other countries
were collected and compared one another. The finding from this study will answer the
following research problems.

The Research Problems
1. What are Thai freshmen students’ understandings of concepts of force?
2. What are Thai freshmen students’ misconceptions of concepts of force?

7
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3. How do Thai freshmen students’ understandings of concepts of force differ
from those of students from other countries?

Significance of the Study
1. The study provides information that can be used to improve physics
curriculum, teaching, and textbook design in Thailand.
2. It generates a standardized test of concept of force in native Thai language,
which can be used in other studies in Thailand.

Definition of Terms
Freshmen are students who graduate from their high schools in any part of
Thailand. The students are enrolled in the first year of their bachelor level at
Srinakharinwirot University, Bangkok, Thailand in 2002.
FCI is Force Concept Inventory 1995 version. The original FCI was translated
into Thai language for use in this study.

8
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CHAPTER II

LITERATURE REVIEW

Research in Science Education
Over the past four decades a new view of the learner has emerged from the
research on student learning of science and mathematics. (Clement, 1982,1993;
Resnick, 1983; Scott, Dyson, and Gater, 1987; Scott, Asoko, and Driver, 1992; Driver,
1989). This view emphasizes the importance of students’ prior knowledge in
developing new understanding about physics classrooms. This can be summarized in
four main principles (Driver and Bell, 1986)
1.

Students come to new learning situations with existing ideas, beliefs, and
expectations.

2.

Students’ prior ideas and beliefs influence what and how they learn.

3. Learning requires reorganizing ideas.
4. Reorganizing ideas requires interactive instructional strategies.

Instruction that does not take the main principles into account is almost totally
ineffective, at least for the majority of students (Hestenes et al, 1992).

Research on Mechanics Concepts
Halloun and Hestenes (1985B) found that commonsense beliefs about motion
and force are incompatible with Newtonian concepts in most respects. So we need to
9
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probe student beliefs on this matter and investigate how these beliefs compare to the
many dimensions of the Newtonian theory.

Chi, Slotta, and deLeeuw (1994) mentioned that concepts of force is one of the
many mechanics concepts which are among the most difficult to instruct because
students’ naive view of force is well established and quite distinct from the
conventional views offered by instructors. For example, more than half of the
university engineering students in one study, of whom all had completed a semester of
university physics, were still plagued by misconceptions of the basic concept of force
(McCloskey, 1983). Halloun and Hestenes (1985A, 1985B) found that 30% to 40% of
physics students who passed freshman physics at various universities continue to
misunderstand the mechanics concepts.

Driver, Squires, Rushworth, and Woods-Robinson (1994) claimed that
students’ ideas about the relationship between forces and motion have identified the
following main ideas:
1. if there is motion, there is a force acting;
2. if there is no motion, then there is no force acting;
3. there can not be a force without motion;
4. when an object is moving, there is a force in the direction of its motion;
5. a moving object stops when its force is used up;
6. a moving object has a force within it which keep it going;

10
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7. motion is proportional to the force acting;
8. a constant speed results from a constant force.

Minstrell (1991) indicated that student knowledge structures are often not
coherent, well defined, consistent, nor logically organized. The dominant topic over
the past two decades within the field of misconceptions in physics had been
mechanics. The largest numbers of studies completed on misconceptions in physics
have focused on students’ comprehension of force and kinematics (see for example
Wandersee et al, 1994). Early misconceptions can haunt a student’s science learning
until instruction is designed specifically to remediate the students’ understanding
(Brown and Clement, 1987; Hewson and Hewson, 1983). Osborne (1980, 1985)
claimed that students need to grasp the concept of force before they come to thinking
about energy or power.

Research in Thailand on Science Education
There are some indications from research in high school physics education in
Thailand that suggest problems similar to those described by researchers in other
countries. The result from Physics Olympiad (during the past years) shows that Thai
physics participants scored the lowest in physics compared to other sciences. Other
indications of the problematic situation of physics education in Thailand are as follow.
1. The average of physics score from an entrance exam to universities in
Thailand in 2000 was 24% (Siwamoksatham, 2000).

11
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2. The average of physics score of grade 12 students from the entire country
in 2000 was 39.28%. (Siwamoksatham, 2000)
3. The result of the Third International Mathematics and Science Study
(TIMSS, 1995) showed that science achievement of Thai students are
3.1

The ranks achievement of students in grade 3 and 4 were almost at

the bottom ranking while students in grade 7 and 8 showed a better performance as
shown in Table 1.

Table 1 Ranking of Thai students from TIMSS: 1995

Grade

Rank

Number of nations participated

3

21

24

4

24

26

7

19

24

8

21

41

3.2

Students in grade 8 had below average scores in earth science,

physics, and chemistry. Students from United States, Singapore, Canada, and Australia
also showed a similar achievement level.

12
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3.3

TIMSS also studied factors that effect student’s achievement and

found that now readily available instruments, such as calculator and computer, affected
to achievement of Thai students.
4. Students in both primary and secondary levels in Bangkok, the capital city
of Thailand, have a higher achievement in both science and mathematics
than those in other parts of Thailand.
4. The Third International Mathematics and Science Study - Repeat (TIMSSR) was conducted in 1999, four years after TIMSS. The results from
TIMSS-R showed that Thai eighth graders were at the 24th rank among 38
countries participated.

Sankhampa (1985) conducted a study about students’ alternative
conceptions of work, energy, and momentum of Thai grade 11 students and found that
students showed more misunderstanding on the concepts of work and energy than that
of the concept of momentum. The misunderstanding of those three physics concepts
was still held by the high achievers amongst Thai grade 11 thirteen years later
(Muensing, 1998). This result supported a finding from Osborn (1980, 1985) that
students need to grasp the concept of force before they come to thinking about energy
or power.

Khongin (1995) claimed that Thai grade 10 science program students had
misconceptions on vision, reflection, and refraction of light. Similarly, Changmuenwai

13
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(1991) found that Thai grade 11 science program students also held misconceptions on
vision, light, color mixing, interference, and reflection of wave.

Mathematics and science education system in Thailand is now being reformed
by IPST.

This researcher (Usawinchai), who has been one of science curriculum

developers of IPST since 1981, is now working on reforming the physics curriculum.
So, a baseline study on physics education in this study is crucial for the next step of
development of physics education in Thailand.

The Force Concept Inventory
In the early 1980’s, Hestenes and Halloun, at Arizona State University began
developing a survey test called the Mechanics Diagnostics Test (MDT) that not only
measures the student’ initial knowledge of Newtonian mechanics concepts but also the
discrepancy between the students’ commonsense believes and their believes in
Newtonian mechanics concepts. Hestenes and Halloun developed the MDT in over
three years and tested it to over a thousand students in introductory college physics
(Halloun and Hestenes, 1985A). The questions were initially selected to assess
students’ concepts of motion and its cause. They were also designed to identify
common conceptions or commonsense believes. The MDT was improved to a new
version called the Force Concept Inventory (FCI) in 1992. The questions in FCI are
written in daily-living language and are easily understood by non-physics students.

14
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The main advantage in the FCI over the MDT comes from a systematic
analysis and an explicit taxonomy of Newtonian mechanics concepts (as shown in
Table 2) and students’ commonsense believes (as shown in Table 3). The FCI is
designed to cover these concepts comprehensively and facilitate the interpretation of
the results. This advantage can be employed by any physics instructors to evaluate
their own students but is also often used by curriculum designers to design physics
curriculum to fit their students (Mazur, 1997). The FCI is thus a helpful tool in
physics curriculum development and teaching, since it can be used to probe the
understanding and misconception of Newtonian mechanics. FCI has proven valuable at
every level of introductory physics instruction from high school to Harvard University
and has been widely used in many countries.

The 4-H Controversy
The 4H pointed to here are Halloun, Hestenes, Heller, and Huffman. The
controversy comes from two articles on the topic of FCI published in the same issue of
the Physics Teacher in 1995. One article was a response by Halloun and Hestenes to a
previous article proposed by Huffman and Heller. The other article was a counter
response by Heller and Huffman

In 1995, Heller and Huffman (1995A) from University of Minnesota reported
on the results of a factor analysis of FCI. They questioned what exactly is measured by
the FCI as well as the dimensions of the Newtonian force concepts as constructed by

15
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Hestenes and colleagues (Hestenes et al, 1992). Halloun and Hestenes (1995) defended
their interpretation of the FCI and were then rebutted by Heller and Huffman (1995B).

The point of debate in the controversy is very subtle. All four researchers
believed that the FCI is useful for evaluating instruction and as a diagnostic test for
students. They were also agreed that Hestenes and his colleagues have showed the
reliability, face validity, and content validity of the FCI. What was questioned by
Heller and Huffman was the construct validity of the FCI. That is whether or not the
FCI really measures the student force concepts and the six dimensions of the force
concepts.

Heller and Huffman performed a factor analysis of FCI data taken at the end of
the mechanics section of introductory physics classes at the University of Minnesota
and at high schools in Minneapolis. Their factor analysis showed that the student
responses to the FCI in general were weakly correlated and therefore no more than
loosely correlated. Because of this finding, they were unable to show statistically that
the force concept as defined by Hestenes (Hestenes et al, 1992) is the same as the
student force concept. Halloun and Hestenes (2002) responded again to Heller and
Huffman’s factor analysis and pointed out that the Heller-Huffman analysis was not
appropriate to measure the conceptual coherence of the force concept in the FCI and
thus again they rejected this analysis.

16
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It is my opinion that the weak correlation between the FCI items found by
Heller and Huffman (1995B) suggested that if the FCI questions are measuring
students’ knowledge of the Newtonian force concept, then the FCI would be
measuring bits and pieces of students’ knowledge that do not necessarily form a
coherent force concept. However, it is still useful to use the Hestenes taxonomy of
Newtonian force concept to identify which dimensions of Newtonian force concept
students approach correctly and where and how the students use their own alternative
beliefs. All the researchers agreed that FCI is the best test available (Huffman and
Heller, 1995B).

Table 2 Newtonian Concepts in the Force Concept Inventory (Hestenes et al, 1992)
Inventory Items
0. Kinematics
velocity discriminated from position
acceleration discriminated from velocity
constant acceleration entails
parabolic orbit
changing speed
vector addition of velocities
1. First Law
with no force
velocity direction constant
speed constant
with canceling forces
2. Second Law
impulsive force
constant force implies constant
acceleration
3. Third Law
for impulsive forces
for continuous forces
4. Superposition Principle
vector sum

20E
21D
23D; 24E
25B
(7E)
4B; (6B); 10B
26B
8A; 21A
18B; 28C
(6B); (7E)
24E; 25B
2E; 11E
13A; 14A
19B

17
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canceling forces
5. Kinds of Force
5S
solid contact
passive
impulsive
friction opposes motion
5F.
fluid contact
air resistance
buoyant (air pressure)
5G.
gravitation

(9D);18B;28C

(9D); (12 B,D)
15C
29C
22D
12D
5D; 9D; (12B,D);
17C; 18B; 22D
1C; 3A
16B; 23D

acceleration independent weight
parabolic traj ectory

Table 3 Taxonomy of Misconceptions Probed by the Force Concept Inventory (FCI).
Belief in the misconceptions is suggested by selection of the corresponding FCI item.
(Hestenes et al, 1992)
Inventory Items
0. Kinematics
Kl.
K2.
K3.
. Impetus
11.
12.

position-velocity undiscriminated
velocity-acceleration undiscriminated
nonvectorial velocity composition

20B,C,D
20A; 21B,C
7C

impetus supplied by "hit"
loss/recovery of original impetus

9B,C; 22B,C, E; 29D
4D; 6CE; 24A;
26A,D,E
5A,B, C; 8C; 16C,D;
23E; 27C,E; 29B

13.

impetus dissipation

14.
15.
. Active Force
AF1.

gradual/delayed impetus build-up
circular impetus

6D; 8B,D; 24D; 29E
4A,D; 10A

only active agents exert forces

1IB; 12B; 13D; 14D;
15A,B; 18D; 22A
29A
12E
25A; 28A
17B
17A; 25D

AF2.
AF3.
AF4.
AF5.
AF6.

motion implies active force
no motion implies no force
velocity proportional to applied force
acceleration implies increasing force
force causes acceleration to terminal
velocity
AF7.
active force wears out
3. Action/Reaction Pairs

25C,E

18
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AR1.
AR2.

greater mass implies greater force
most active agent produces greatest
force
4. Concatenation of Influences
CI1.
largest force determines motion
CI2.
force compromises determines motion
CI3.
last force to act determines motion

2A,D; 11D; 13B; 14B
13C; 11D; 14C

18A 3 ; 19A
4C; 10D; 16A;
19C,D; 23C; 24C
6A; 7B; 24B; 26C

Table 3- continued
Inventory Items
5. Other Influences on Motion
CF.
centrifugal force
obstacles exert no force
Ob.

4C,D, E; 10C,D,E
2C; 9A,B; 12A; 13E;
14E

Resistance
R1. mass makes things stop
R2. motion when force overcomes
resistance
R3. resistance opposes force/impetus

28E

Gl.
G2.
G3.
G4.
G5.

9A;12C;17E;18E
5E;9E;17D
1A; 3B,D
5B, 17B
5B; 16D; 23E

29A,B; 23A,B
28B,D

Gravity
air pressure-assisted gravity
gravity intrinsic to mass
heavier objects fall faster
gravity increases as objects fall
gravity acts after impetus wears down
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CHAPTER III

METHOD

Students’ concept of force is one of the many mechanics concepts which
are among the most difficult to instruct because students’ naive view of force is well
established and quite distinct from the conventional views offered by instructors. The
purpose of this study was to investigate the understanding and misconception on Newtonian
mechanics of Thai freshmen. The basic plan of the study comprises of 6 stages.
1. Select FCI-1995 version to use as an instrument in this study.
2. Identify FCI items that are comprehensible to Thai freshmen. Four items
were identified that are not relevant in the cultural context of Thai people.
These items relate to ice hockey - a sport that has not been commonly
played in Thailand.
3. Translate the selected items into Thai and then retranslate them back into
English by a different person. The original version and the translated
version were compared by a third expert, and adjusted for retaining the
original meaning.
4. Conduct a pilot study to a group of volunteer freshmen.
5. Administer the FCI to Thai freshmen and collect data.
6. Analyze the data.
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Population
The target population of this study was freshmen, who had graduated from high
schools in Thailand. A total of 318 freshmen from Srinakharinwirot University
(located in Bangkok, Thailand) were randomly selected and divided into two groups
according to their high school locations, namely freshmen from high schools in
Bangkok and those from other cities of Thailand. All the freshmen were asked to read
the survey consent form and all of them agreed to participate in this study.

Instruments
1. A questionnaire of general information requesting high school locations.
2. A standardized survey of Newtonian mechanics concepts. The FCI was
originally designed by Hestenes and colleague in 1992 (Hestenes et al,
1992) and revised by Halloun, Hake, and Mosca in 1995 (Mazur, 1997).
The FCI had been used all over the United States and in many other
countries. The FCI has proven valuable at every level of introductory
physics from high school to university.

Selecting the FCI Questions
The original 1995 version contains 30 questions. Questions 8, 9, 10, and 11 are
about ice hockey sport. This sport is not commonly played in a tropical country like
Thailand. The researcher therefore omitted those four questions from the study. The
FCI in this study has twenty-six questions running from the first question to the
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twenty-sixth. The raw data from the other studies that were used in the comparisons
were similarly adjusted.

Taxonomy of Newtonian Force Concepts and Misconceptions
The Thai version of the FCI used in the study comprises of 26 questions as
shown in Table 4.

Table 4 gives the Newtonian concepts in the Thai version of the

FCI and Table 5 is the taxonomy of the misconceptions probed by the Thai version of
the inventory.

Translation of the FCI
The Thai language is the only official language used in Thailand. Many people
in Thailand do not speak English well enough to obtain complete information from
what they read. The twenty-six questions of the original English version of FCI were
translated to Thai language for use in this study. The original version was translated
into Thai and then retranslated into English by a different person. Both English
versions were compared and adjusted in order to retain the original meaning (Rollnick,
2000 ).
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Table 4 Newtonian Concepts in the Thai Version of the Force Concept Inventory
Inventory
0. Kinematics
velocity discriminated from position
acceleration discriminated from velocity
constant acceleration entails
parabolic orbit
changing speed
1. First Law
with no force
velocity direction constant
speed constant
with canceling forces
2. Second Law
constant force implies constant
acceleration
3. Third Law
for impulsive forces
for continuous forces
4. Superposition Principle
canceling forces
5. Kinds of Force
5S
solid contact
passive
Friction opposes motion
5F.
Fluid contact
Air resistance
buoyant (air pressure)
5G.
gravitation
acceleration independent of weight
parabolic trajectory

15(5)
16(4)
10(4), 17(5)
18(2)
7(2), 6(2)
19(2)
20(1)
13(2)
17(5), 18(2)

4(5), 24(5)
11(1), 12(1)
13(2)
25(2)
23(3)
26(3)
25(4)
9(4), 25(2), 3(3), 13(2), 26(3)
1(3), 2(1)
8(2), 10(4)
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Table 5 Taxonomy of Misconceptions Probed by the Thai Version of the Force
Concept Inventory. Belief in the misconceptions is suggested by selection of the
corresponding items.
__________
0. Kinematics
Kl.
position-velocity undiscriminated
K2.
velocity-acceleration undiscriminated
. Impetus
11.
impetus supplied by "hit"
12.
loss/recovery of original impetus
13.
impetus dissipation
14.
15.
Active Force
AF1.

gradual/delayed impetus build-up
circular impetus
only active agents exert forces

AF2.
AF3.
AF4.
AF5.
AF6.

motion implies active force
no motion implies no force
velocity proportional to applied force
acceleration implies increasing force
force causes acceleration to terminal
velocity
AF7.
active force wears out
i. Action/Reaction Pairs
greater mass implies greater force
AR1.
AR2.
most active agent produces greatest
force
i . Concatenation of Influences
largest force determines motion
CI1.
CI2.
force compromises determines motion
CI3.
last force to act determines motion
i. Other Influences on Motion
CF.
centrifugal force
Ob.
obstacles exert no force
Resistance
R1. mass makes things stop
Gravity
Gl. air pressure-assisted gravity
G2. gravity intrinsic to mass
G3. heavier objects fall faster
G4. gravity increases as objects fall
G5. gravity acts after impetus wears down

Inventory Items
15(2,3,4)
15(1), 16(2,3)
26(2,4,5), 23(4)
7(4),17(1),19(1,4,5)
9(1,2,3), 8(3,4), 10(5),
20(3,5), 23(2)
17(4), 23(5)
7(1,4), 6(1)
24(2), 25(2), 11(4), 12(4),
13(4), 26(1)
23(1)
25(5)
18(1)
3(2)
3(1), 18(4)
18(3,5)
4(1,4), 24(4), 11(2), 12(2)
11(3), 24(4), 12(3)
13(1,5)
7(3), 6(4), 8(1), 10(3), 17(3)
17(2),19(3)
7(3,4,5), 6(3,4,5)
4(3), 25(1), 11(5), 12(5)
23(1,2), 10(1,2)
25(4), 3(5), 13(5)
9(5), 3(4)
1(1), 2(2,4)
9(2),3(2)
9(2), 8(4), 10(5)
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Pilot Study
There were 2 main purposes of the pilot study. One was to test whether the
Thai version of the FCI is understandable to the freshmen in order to select only the
understandable items to be used in the research study. There were 46 freshmen who
participated in the pilot study. The results indicated that they understood all questions
of the FCI.
The second objective was to test the average amount of time it took to finish
the FCI in order to schedule an appropriate length of time for the subjects to complete
the test. The result showed that the time taken to complete the test ranged from 11 to
42 minutes with an average of 27 minutes.

Data Collection and Analysis
All 318 freshmen were informed about this study and asked to read the
anonymous survey consent. All of the freshmen agreed to participate in the study and
responded to both the questionnaire and the FCI. The time allotted for the data
collection was 50 minutes. All freshmen finished both parts of the survey within 50
minutes.

The FCI results from the freshmen were divided into two groups according to
their high school locations. The EXCEL program was used to analyze the percentage
of each choice in each question chosen by the freshmen while chi (% ) square statistics
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was used to find possible associations between the answers in both misconception and
Newtonian concepts. The p-value at the significant level .05 was used to test the null
hypothesis that there is no difference between the proportion of the correct answers
within a Newtonian force concept and the null hypothesis that there is no difference
between the proportion of the incorrect answers within a taxonomy of misconception.
The SPSS program was used to probe the difference in the achievement between the
two groups of population.
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CHAPTER IV
RESULTS AND DISCUSSION

The purpose of this study was to investigate the understanding and
misconceptions of Thai freshman of concepts in Newtonian mechanics. The results of
the study were used to answer the three main research problems.
1. What are Thai freshmen students’ understandings of concepts of force?
2.

What are Thai freshmen students’ misconceptions of concepts of force?

3. How do Thai freshmen students’ understandings of concepts of force differ
from students from other countries?

Data Analysis
The Force Concept Inventory (FCI) test results from 318 freshmen were
analyzed in order to answer the research problems. The EXCEL program was used to
analyze the percentage of the number of the freshmen choosing each choice in each
question in the FCI. This program was also used for factor analysis with the chi-square
(X2) test to investigate possible associations among the students’ answers. The
associations of the answers were analyzed for both the Newtonian concepts and
misconception categories. For example, in Newtonian concepts, the association of the
selection of choice 4 in questions 10 and choice 5 in questions 17, was analyzed while
the association of the selection of choice 2, 3, and 4 in question 15 in misconception
dimension was also analyzed. The t-statistics from SPSS program was used to analyze
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possible differences in the achievement between the two groups of freshmen, namely
those from high schools in Bangkok and those from high schools in other cities in
Thailand. There were 137 freshmen from high schools in Bangkok and 181 from high
schools in other cities of Thailand in the sample.

What are Thai Freshmen Students’ Understandings of Concepts of Force?
The understandings of concepts of force of Thai freshmen were probed by the
percentages of the correct answers on Newtonian force concepts as shown in Table 4
in Chapter III.
Newtonian force concepts are classified into six concepts: Kinematics;
Newton’s First Law, Second Law, and Third Law; the Superposition Principle and
Kinds of Force. The percentages of all freshmen who answered correctly in each item
of the FCI are shown in Figure 1. The fresmen showed the minimum score of 9 % on
item 9. Item 9 is under a sub-concept of “Gravitation” which is in the Newtonian
concept of “Kinds of Force”. The maximum score was from item 1 which is the sub
concept of “Acceleration Independent of Weight” in the concept of “ Kinds of Force”.
The overall average score was 34 %. These results tell us that the participants had the
weakest understanding of gravity, and scored best on the question that tested
understanding of linear acceleration (on flat, horizontal planes).
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Figure 1 The Force Concept Inventory (FCI) Results from Individual Items
Figure 2 shows that the freshmen had the best score of 42 % on the concept of
Newton’s Third Law and the worst score of 18 % on the concept of Newton’s Second
Law. This finding is the most surprising result thus far: students’ from other countries
in the research surveyed in Chapter 2, scored lowest on the Newton Third Law
concepts. The percentage of all freshmen who answered correctly in each sub-concept
of the six concepts is shown in Appendix C. For example, a sub-concept of “Canceling
Forces” is in the concept of “Superposition Principle”.
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Kinem atics

F iu tL a iv

Second L av

T hird Law
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Princi>]e

Newtonian Farce Concepts of FCI
Figure 2 The FCI Results of Newtonian Force Concepts

What are Thai Freshmen Students’ Misconceptions of Concept of Force?
The misconceptions of force are indicated by the incorrect answers on the
taxonomy of misconception as shown in Table 5 in chapter III. Misconceptions on
Newtonian force concepts are classified into six dimensions: Kinematics, Impetus,
Active Force, Action/Reaction Pairs, Concatenation of Influence, and Other Influence
on Motion. The percentages of the freshmen who answered incorrectly in the six
dimensions of misconceptions are shown in Figure 3.

30

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Kinematics

Impetus

Active Fame

Action/
Reaction Pairs

Carcatenatio
naf
Influences

Other
Influences an
Motion
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Figure 3 The FCI Results of Misconceptions

The freshmen showed misconceptions in all six dimensions. Most students hold
(22 % incorrect) misconceptions in Kinematics and the least

(15 % ) in Other

Influences on Motion. The percentage of the freshmen who answered incorrectly in
each dimension of misconception is shown in Appendix C. For example, the
dimension of “Circular Impetus” is in a misconception of “Impetus”.

Results from the Two Groups of Freshmen
A total of 318 freshmen participated in this study. They were classified into
two groups according to their high school locations. There were 137 freshmen who
graduated from high school in Bangkok and one 181 from other cities of Thailand.
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The Understanding of Newtonian Force Concepts from the Two Groups
of Freshmen
The percentages of the two groups of freshmen who answered correctly in the
six concepts are shown in Figure 4.
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S«<ni Law
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K n l <t F ine

Newtonian fcrce co nc qi to of FCI

Figure 4 The FCI Results of Newtonian Force Concepts of Freshmen
Graduated from High School in Bangkok (Bangkok) and
from Other Cities (Other)

These results support prior studies on students’ physics conceptions surveyed
In Chapter 2.

Students from high schools in Bangkok seem to have a better

understanding of physics. However, none of the results are significantly different.
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The Misconceptions of Newtonian Force Concepts from the Two Groups of
Freshmen.
The percentages of the two groups of freshmen who answered incorrectly in the
six dimensions of misconceptions are shown in Figure 5.
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Figure 5 The FCI Results of Misconceptions from Freshmen Graduated from
High School in Bangkok and from Other Cities (Non-Bangkok)

The percentages of the two groups of freshmen who answered incorrectly in
each dimension of misconceptions are shown in Appendix C. For example, the
dimension of “Centrifugal Force” is in a misconception of “Other Influences on
Motion”. Again, the previous finding is confirmed: it seems that students from the
Bangkok high schools have an advantage.
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Factor Analysis
The

(x2)

test from the EXCEL program was used to find possible

associations among freshmen’s answers in the same dimension in Newtonian force
concepts shown in Table 4 and in the taxonomy of misconceptions shown in Table
5 in Chapter III. The factor analysis is applied to the dimension that has two or
more answers grouped together. The x2 p-value was tested at significance level of
.05.

Associations of between the

freshmen’s answers were found in both

Newtonian concepts and taxonomy of misconceptions.

Association of Freshmen’ s Answers in Newtonian Concepts of Force
Students’ associations of the correct answers are shown in Table 6. The
associations were found in the following answer groups: 7(2), 6(2); 17(5), 18(2) and
11(1), 12(1)

Association of Freshmen’s Answers in Misconception Taxonomy
The associations of the incorrect answers are shown in table 7. The
associations were found in the following answer groups: 18(3,5); 17(2), 19(3) and
9(2), 3(2).
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Table 6 The Associations of Correct Answers in Newtonian Concepts of Force.
Concepts
Kinematics
Constant acceleration entails
Parabolic orbit
First Law
With no force
Second Law
Constant force implies constant
Acceleration
Third Law
for impulsive forces
for continuous forces
Superposition Principle

Correct answers

Association

10(4),17(5)

No

7(2),6(2)

Yes

17(5), 18(2)

Yes

4(5), 24(5)
11(1), 12(1)

No
Yes

-

-

Kind of Force
Gravitation
Acceleration independent of weight
Parabolic trajectory

9(4),25(2), 3(3), 13(2),
26(3)
1(3), 2(1)
8(2), 10(4)
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No
No
No

Table 7 The Associations of Incorrect Answers in Misconception Taxonomy

Kinematics
Position-velocity undiscriminated
Velocity-acceleration undiscriminated
Impetus
impetus supplied by "hit"
loss/recovery of original impetus

Incorrect answers

Associations

15(2,3,4)
15(1), 16(2,3)

No
No

26(2,4,5), 23(4)
7(4), 17(1), 19(1,4,5)
9(1,2,3), 8(3,4), 10(5), 20(3,5),
23(2)
17(4), 23(5)
7(1,4), 6(1)

No
No

impetus dissipation
gradual/delayed impetus build-up
circular impetus
Active Force
only active agents exert forces
24(2), 11(4), 12(4), 13(4), 26(1)
force causes acceleration to terminal velocity
3(1), 18(4)
18(3,5)
active force wears out
Action/ Reaction Pairs
greater mass implies greater force
4(1,4), 24(4), 11(2),12(2)
most active agent produces greatest force
11(3), 24(4), 12(3)
Concatenation of Influences
largest force determines motion
13(1,5)
force compromises determines motion
7(3), 6(4), 8(1),10(3), 17(3)
last force to act determines motion
17(2), 19(3)
Other Influences on Motion
centrifugal force
7(3,4,5), 6(3,4,5)
obstacles exert no force
4(3), 25(1), 11(5), 12(5)
23(1,2), 10(1,2)
mass makes things stop
air pressure-assisted gravity
25(4), 3(5), 13(5)
gravity intrinsic to mass
9(5),3(4)
heavier objects fall faster
1(1), 2(2,4)
gravity increases as objects fall
9(2), 3(2)
gravity acts after impetus wears down
9(2), 8(4), 10(5)
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No
No
No
No
No
Yes
No
No
No
No
Yes
No
No
No
No
No
No
Yes
No

Comparison
College Students in the United States and Thailand
The raw data from FCI tests administered at Arizona State University in
USA (Hestenes et al, 1992) and the result from Srinakharinwirot University in
Thailand were compared. The results are showed in Figure 6.
60

■Arizona State U.
□ Srinakharinwirote

t.ine'irtci-

I'M

2nd

3nd

S uperp o iln n < n d i af Fa c s

Mechanics Concepts

Figure 6 The FCI Results of Newtonian Force Concepts from Thai and American
College Students
Arizona State University : N=116
Srinakharinwirot University : N=318
Conclusion
In this section, the results from the study are sumarized and new
hypotheses that have emerged from the data analysis are suggested. The significance
of the study for physics education research internationally and for research and
curriculum development in Thailand is discussed.
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The purpose of this study was to investigate the understanding of concepts
of force of Thai freshmen in order to answer three research questions
1.

What are Thai freshmen students’ understandings of concepts of force?

2.

What are Thai freshmen students’misconceptions of concepts of force?

3.

How do Thai freshmen students’ understandings of concepts of force differ
from those of students from other contries?

Hestenes and his colleagues (Hestenes et al, 1995) interpreted the Force
Concept Inventory score into two thresholds.
1.

A FCI score of 60% is an entry threshold to Newtonian physics. Students
who have just reached this threshold have barely begun to use Newtonian
concepts coherently in their reasoning. The students with a score below this
threshold can be described in terms of the following characteristics.
1.1

Students have undifferentiated concepts of velocity and acceleration,
and lack a vectorial concept of velocity.

1.2

Students lack a universal force concept and will be unable to reliably
identify the agents of force concept and unable to reliably identify the
agents of force on an object.

1.3

Students have fragmented, incoherent concepts about force and motion.
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2.

The FCI score of 85% is the Newtonian mastery threshold. Students with
score above this threshold are considered as “confirmed Newtonian
thinkers”.

The overall average FCI score of Thai freshmen in this study is 34%.
This percentage is below the entry threshold. One can therefore predict that these Thai
freshmen may have difficulties in the next level of physics study.
The results in general indicate that the Thai population is very similar in
their understanding of Newtonian physics: they share the same misconceptions as their
counterparts in other countries, with two remarkable exceptions: In Newtonian force
concepts the ffesmen showed the most understanding on the comception of Newton’s
First and Third Laws and the least the concept of Newton Second L aw . This is a
surprising result: other studies have shown that alternative concepts of Newton’s
First and Third Law are amazingly robust and difficult to change-even if instruction
is tailored to conceptual change (Brown and Clement, 1987; Clement, Brown and
Zietsman, 1987) These results are significant and should be investigated in future in
smaller, qualitative studies to probe the “why”: why would Thai students’ have a
relatively good understanding of a concept that was shown to be difficult for students
from other countries?
In the misconceptions analyses, the fresfmen showed misconceptions in
all dimensions with the maximum of 21 % on the dimension of Action/Reaction Pairs
and the minimum of 15 % on the dimension of Other Influences on Motion.
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When considering the two groups of freshmen, there is a statistically
significant difference in FCI results between the group of freshmen who graduated
from high schools in Bangkok and those who graduated from high schools in other
cities of Thailand at the significant level of p = 0.05. This result shows that future
curriculum reform efforts should included studies that more closely investigate the
differences in schools in Bangkok and the rest of the country.
In summary:

the greatest contributions that this study makes to

research on the learning of physics are:
1.

A Thai FCI diagnostic test to probe students’ understanding of basic
physics concepts now exists for researchers in Thailand. This test is
validated, and could prove to be valuable in the curriculum reform efforts
underway in Thailand.

2.

A surprising result, Thai students’ apparent better understanding of
Newton’s First and Third Laws (when compared to a USA population),
suggests further study. This is an interesting phenomenon that warrants a
more detailed and multifaceted study of these conceptions.

3.

There appear to be challenging differences in the educational standards in
Bangkok and cities and towns in the rest of Thailand. Curriculum reform
cannot ignore these findings, and should investigate in more detail the
differences in educational enviroments.

40

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

APPENDIX A
Approval Letter From the Human Subjects Institutional Review Board
and Srinakharinwirot University
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Date: August 15, 2002

To:

Aletta Zietsman, Principal Investigator
Chokchai Usawinchai, Student Investigator for dissertation

From: Mary Lagerwey, Chair
Re:

HSIRB Project Number 02-07-17

This letter will serve as confirmation that your research project entitled “Understanding
on Concepts of Force of Thai Freshmen” has been approved under the exempt
category of review by the Human Subjects Institutional Review Board. The conditions
and duration of this approval are specified in the Policies of Western Michigan
University. You may now begin to implement the research as described in the
application.
Please note that you may only conduct this research exactly in the form it was
approved. You must seek specific board approval for any changes in this project. You
must also seek reapproval if the project extends beyond the termination date noted
below. In addition if there are any unanticipated adverse reactions or unanticipated
events associated with the conduct of this research, you should immediately suspend
the project and contact the Chair of the HSIRB for consultation.
The Board wishes you success in the pursuit of your research goals.

Approval Termination:

August 15, 2003
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Western Michigan University
Institute for Science Education
Anonymous Survey Consent
You are invited to participate in the research project entitled “Understanding on
Concepts of Force of Thai freshmen” Which is designed to investigate your
understanding of concepts of force. Data collected from this study is expected to
benefit curriculum designers in physics curriculum designs. Dr.Aletta Zietsman
Thomas, Dr. William Cobem, and Chokchai Usawinchai from Institute for Science
Education, Western Michigan University, USA and Dr. Suthat Yoksan from
Department of Physics, Srinakharinwirot University, Thailand are conducting this
study through December 2002. This research is being conducted as part of the
dissertation requirements for Chokchai Usawinchai.
This study will take about 30 minutes of your time to answer a 26 multiple choice
questions. Your replies will be completely anonymous, so do not put your name
anywhere on the form. You may choose to not answer any question and simply leave it
blank. Returning the survey indicates your consent for use of the answers you supply.
It should be noted that neither your writing nor your participation would in any way be
tied to your course grades. The results of this study are to be used by Chokchai
Usawinchai for dissertation purposes. If you have any questions, you may contact Dr.
Aletta Zietsman Thomas at 011-269-387-5393, alettazietsman@wmich.edu, Dr. William
Cobem at 011-269-387-2971, w illia m C O b e m @ W m ic h .e d u . Dr. Suthat Yoksan at
02-6643836, S U th a t@ P S m .a C .th . Chokchai Usawinchai at 02-392-4021,
CUSawi@ hotm ail.COrn, The Human Subject Institutional Review Board at -11269-387-8293 or r e s e a r c h -C O m p lia n c e @ W m ic h .e d u . You may contact the
vice president for research at 011-269-387-8298.
This consent document has been approved for use for one year by the Human Subject
Institutional Review Board as indicated by the stamped date and signature of the board
chair in the upper right comer. You should not participate in this project if the comer
does not have a stamped date and signature.
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Faculty of Science, Srinakharinwirot University
114 Sukhumvit 23, Wattana, Bangkok 10110, Thailand.
Tel. (662) 664-1000 ext. 8002 Fax. (662) 260-0128

August 1,2002

Dean
The Graduate College
Western Michigan University
Kalamazoo, M l 49008

„

U;S.A.

Dear Sir:

Professor Dr. Suthat Yoksan o f the Faculty o f Science o f Srinakharinwirot University, who is a nondepartmental member o f the thesis committee o f Chokchai Usawinchai has talked to me about Chokchai's
thesis.

With full permission and cooperation, I as the Dean o f the Faculty o f Science o f Srinakharinwirot
University, give Chokchai Usawinchai the authorization to collect the necessary data from the science
faculty students to be used in his Ph.D. research;

I hope this letter is helpfUl in your consideration o f Chokchai Usawinchai’s thesis study .

Youra sincerely,

(Dr.Yuvadee Nakapadungrat)
Dean,
Faculty of Science
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APPENDIX B
Questionnaire and the Force Concept Inventory

46

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ABOUT YOUR HIGH SCHOOL
High school nam e...............................................................................
School street address.......................................................................
City

.................................. Z ip ...........................................

DIAGNOSTIC TEST
1. Two metal balls are the same size but one weighs twice as much as the other. The
balls are dropped from the roof of a single story building at the same instant. The time
it takes the balls to reach the ground below will be
1 . about half as

long for the heavier ball as for the lighter one.

2 . about half as

long for the lighter ball as for the heavier one.

3. about the same for both balls.
4. considerably less for the heavier ball, but not necessarily half as long.
5. considerably less for the lighter ball, but not necessarily half as long.

2. The two metal balls of the previous problem roll off a horizontal table with the
same speed. In this situation
1 . both

balls hit the floor at approximately the same horizontal distance from the

base of the table.
2 . the

heavier ball hits the floor at about half the horizontal distance from the

base of the table than does the lighter ball.
3. the lighter ball hits the floor at about half the horizontal distance from the base
of the table than does the heavier ball.
4. the heavier ball hits the floor considerably closer to the base of the table than
the lighter ball, but not necessarily at half the horizontal distance.
5. the lighter ball hits the floor considerably closer to the base of the table than
the heavier ball, but not necessarily at half the horizontal distance.
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3. A stone dropped from the roof of a single-story building to the surface of Earth
1 . reaches

a maximum speed quite soon after release and then falls at a constant

speed thereafter.
2 . speeds

up as it falls because the gravitational attraction gets considerably

strong as the stone gets closer to Earth.
3. speeds up because of an almost constant force of gravity acting upon it.

4. falls because of the natural tendency of all objects to rest on the surface of
Earth.
5. falls because of the combined effects of the force of gravity pushing it
downward and the force of the air pushing it downward.
4.A large truck collides head-on with a small compact car. During the collision
1. the

truck exerts a greater amount of force on the car than the car exerts on the

truck.
2 . the

car exerts a greater amount of force on the truck than the truck exerts

on the car.
3. neither exerts a force on the other, the car gets smashed simply because it
gets in the way of the truck.
4. the truck exerts a force on the car but the car does not exert a force on the
truck.
5. the truck exerts the same amount of force on the car as the car exerts on the
truck.
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Use the statement andfigure below to answer the next two questions (5 and 6).
The accompanying figure shows a frictionless channel
in the shape of a segment of a circle with its center at O.
The channel has been anchored to a frictionless
horizontal table top. You are looking down at the table.
Forces exerted by the air are negligible.
A ball is shot at high speed into
the channel at P and exits at R.
5.Consider the following distinct forces:
A. a downward force of gravity.
B. a force exerted by the channel pointing from Q to O.
C. a force in the direction of motion.
D. a force pointing from O to Q.
Which of the above forces is (are) acting on the ball when it is within the frictionless
channel at position Q1
1. A only.
2. A and B.
3. A and C.
4. A, B, and C.
5. A, C, and D.
6.

Which of the paths 1-5 below would the ball most closely follow after it exits the

channel at R and moves across the frictionless table top?
2

i

1
\.

I

! /

-*-4
•►5
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7. A steel ball is attached to a string and is swung in a circular path in a horizontal
plane as illustrated in the figure below.
At point P, the string suddenly breaks near the ball.
If these events are observed from directly above, which of the paths 1-5 below would
the ball most closely follow after the string breaks?

I
+

\

A

8.

A ball is fired by a cannon from the top of a cliff as shown below. Which of the

paths 1-5 would the cannon ball most closely follow?
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9. A boy throws a steel ball straight up. Consider the motion of the ball only after it
has left the boy’s hand but before it touches the ground, and assume that forces
exerted by the air are negligible. For these conditions, the force(s) acting on the ball is
(are)
1 . a downward
2. a

force of gravity along with a steadily decreasing upward force.

steadily decreasing upward force from the moment it leaves the boy’s hand

until it reaches its highest point; on the way down there is a steadily increasing
downward force of gravity as the ball gets closer to Earth.
3. an almost constant downward force of gravity along with an upward force that
steadily decreases until the ball reaches its highest point; on the way down
there is only an almost constant downward force of gravity.
4. an almost constant downward force of gravity only.
5. none of the above. The ball falls back to ground because of its natural
tendency to rest on the surface of the Earth.

10. A bowling ball accidentally falls out of the cargo bay of an airliner as it flies along
in a horizontal direction.
As observed by a person standing on the ground and viewing the plane as in the figure
below, which of the paths 1-5 would the bowling ball most closely follow after
leaving the airplane?

1

2

t

3

4

■.

5
i
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Use the statement andfigure below to answer the next two questions (11 and 12).
A large truck breaks down out on the road and receive
a push back into town by a small compact car as shown
in the figure.

11. While the car, still pushing the truck, is speeding up to get up to cruising speed,
1 . the

amount of force with which the car pushes on the truck is equal to that

with which the truck pushes back on the car.
2 . the

amount of force with which the car pushes on the truck is smaller than that

with which the truck pushes back on the car.
3. the amount of force with which the car pushes on the truck is greater than that
with which the truck pushes back on the car.
4. the car’s engine is running so the car pushes against the truck, but the truck’s
engine is not running so the truck cannot push back against the car. The truck
is pushed forward simply because it is in the way of the car.
5. neither the car nor the truck exerts any force on the other. The truck is pushed
forward simply because it is in the way of the car.
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12. After the car reaches the constant cruising speed at which its driver wishes to
push the truck,
1. the

amount of force with which the car pushes on the truck is equal to that

with which the truck pushes back on the car.
2 . the

amount of force with which the car pushes on the truck is smaller than that

with which the truck pushes back on the car.
3. the amount of force with which the car pushes on the truck is greater than that
with which the truck pushes back on the car.
4. the car’s engine is running so the car pushes against the truck, but the truck’s
engine is not running so the truck cannot push back against the car. The truck
is pushed forward simply because it is in the way of the car.
5. neither the car nor the truck exerts any force on the other. The truck is pushed
forward simply because it is in the way of the car.

13. An elevator is being lifted up an elevator shaft

steel
cab le

at a constant speed by a steel cable

$

as shown in the following figure.
All frictional effects are negligible.
In this situation, forces on the elevator

elcvH tor g o in g up
a t c o n sta n t sp e e d

are such that
1. the

upward force by the cable is greater than the downward force of gravity.

2 . the

upward force by the cable is equal to the downward force of gravity.

3. the upward force by the cable is smaller than the downward force of gravity.
4. the upward force by the cable is greater than the sum of the downward force of
gravity and a downward force due to the air.
5. none of the above. (The elevator goes up because the cable is being shortened,
not because an upward force is exerted on the elevator by the cable).
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The following figure shows a boy swinging, starting at a point higher than P.

14.

Consider the following distinct forces:
A. a downward force of gravity.
B. a force exerted by the rope pointing from P to O.
C. a force in the direction of the boy’s motion.
D. a force pointing from O to P.
Which of the above forces is (are) acting on the boy
when he is at position PI
1. A only
2. A and B
3. A and C
4. A, B, and C
5. A, C, and D

15. The positions of two blocks at successive 0.20-s time intervals are represented by
the numbered squares in the following figure. The blocks are moving toward the
right.

1
■

2
■
11 11 11 11
■
2

3
■
11 11 11 11
■
3

4
■

5
■
11 11 11 11
■
4

6
I1I

I I I

I I I I

7
1 1

- —

■
5

Do the blocks ever have the same speed?
1. No.
2. Yes, at instant 2.
3. Yes, at instant 5.
4. Yes, at instants 2 and 5.
5. Yes, at some time during the interval 3 to 4.
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16. The positions of two blocks at successive 0.20-s time intervals are represented by
the numbered squares in the figure below. The blocks are moving toward the right.
The accelerations of the blocks are related as follows:
1

black A
black B

2

3

4

5

6

7

■

■
■
■
■
■
■
I I I I | I I I I | I I I I | 1 I I I | I I I I | I I I
■

1

■

2

■

3

■

■

4

5

1. The acceleration of A is greater than the acceleration of B.
2. The acceleration of A equals the acceleration of B. Both accelerations are
greater than zero.
3. The acceleration of B is greater than the acceleration of A.
4. The acceleration of A equals the acceleration of B. Both accelerations are zero.
5. Not enough information is given to answer the question.
Use the statement andfigure below to answer the next four questions (17 through
20).

A spaceship drifts sideways in outer space from point P to point Q as shown below.
The spaceship is subject to no outside forces. Starting at position Q, the spaceship’s
engine is turned on and produces a constant thrust (force on the spaceship) at right
angles to the line PQ. The constant thrust is maintained until the spaceship reaches a
point R in space.
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17. Which of the paths 1-5 below best represents the path of the spaceship between
points Q and R?
R

R

iR

R

;

R

i
■*

18. As the spaceship moves from point Q to point R its speed is
1 . constant.
2 . continuously

increasing.

3. continuously decreasing.
4. increasing for a while and constant thereafter.
5. constant for a while and decreasing thereafter.

19. At point R, the spaceship’s engine is turned off and the thrust immediately drops
to zero. Which of the paths 1-5 will the spaceship follow beyond point RR

R

R

iR

R
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20. Beyond position R the speed of the spaceship is
1. constant.
2 . continuously

increasing.

3. continuously decreasing.
4. increasing for a while and constant thereafter.
5. constant for a while and decreasing thereafter.

21. A woman exerts a constant horizontal force on a large box. As a result, the box
moves across a horizontal floor at a constant speed vo.
The constant horizontal force applied by the woman
1. has the
2 . is

same magnitude as the weight of the box.

greater than the weight of the box.

3. has the same magnitude as the total force that resists the motion of the box.
4. is greater than the total force that resists the motion of the box.
5. is greater than either the weight of the box or the total force that resists its
motion

22. If the woman in the previous question doubles the constant horizontal force that
she exerts on the box to push it on the same horizontal floor, the box then moves
1 . with

a constant speed that is double the speed vo in the previous question.

2 . with

a constant speed that is greater than the speed vo in the previous question,

but not necessarily twice as great.
3. for a while with a speed that is constant and greater than the speed vo in the
previous question, then with a speed that increases thereafter.
4. for a while with an increasing speed, then with a constant speed thereafter.
5. with a continuously increasing speed.

57

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

23. If the woman in question 25 suddenly stops applying a horizontal force to the
block, then the block
1 . immediately comes
2 . continues

to a stop.

moving at a constant speed for a while and then slows to a stop.

3. immediately starts slowing to a stop.
_ _ 4. continues at a constant speed.
5. increases its speed for a while and then starts slowing to a stop.

24. In the following figure, student A has a mass
of 75 kg and student B has a mass of 57 kg.
They sit in identical office chairs facing
each other. Student A places his bare feet
on the knees of student B, as shown.
Student A then suddenly pushes outward
with his feet, causing both chairs to move.

During the push and while the students are still touching one another,
1. neither

student exerts a force on the other.

2. student A exerts a force on student B, but B does not exert any force on A.
3. each student exerts a force on the other, but B exerts the larger force.
4. each student exerts a force on the other, but ^4 exerts the larger force.
5. each student exerts the same amount of force on the other.
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25. An empty office chair is at rest on a floor. Consider the following forces:
A. a downward force of gravity.
B. an upward force exerted by the floor.
C. a net downward force exerted by the air.

Which of the forces is (are) acting on the office chair?
1. A only
2. A and B
3 .B and C
4. A, B, and C
5. None of the forces. (Since the chair is at rest, there are no forces acting upon
it.)

26. Despite a very strong wind, a tennis player manages to hit a tennis ball with her
racquet so that the ball passes over the net and lands in her opponent’s court.
Consider the following forces:
A. a downward force of gravity.
B. a force by the “hit.”
C. a force exerted by the air.

Which of the above forces is (are) acting on the tennis ball after it has left contact
with the racquet and before it touches the ground?
1. A only
2. A and B
3. A and C
4. B and C
5. A, B, and C
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APPENDIX C
Percentage of Freshmen Who Answered Correctly
in Newtonian Force Concepts
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Concept of Kinematics

45
40
35 H

0s
'W 30
a3
£ 25 -

zflfl(J
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u
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0.1

0.2

0.3

0.4

Subconcepts in Kinematics

The FCI Result in the Four Subconcepts of Kinematics

0.1

velocity discriminated from position

0.2

acceleration discriminated from velocity

0.3

constant acceleration entails parabolic orbit

0.4

constant acceleration entails changing speed
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Concept of Newton’s First Law

Subcancqttsin Neivton's First Law

The FCI Result in the Four Subconcepts of Newton’s First Law

1.1

with no force

1.2

velocity direction constant

1.3

speed constant

1.4

with canceling forces
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Concept of Newton’s Second

2.1

Subconcept in Newton's Second Law
Law
The FCI Results in a Subconcept of Newton’s Second Law

2.1

constant force implies constant acceleration
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Concept of Newton’s Third Law

3.1

3.2

Subconcepts in Newton's Third Law
The FCI Results in the Two Subconcepts of Newton’s Third Law

3.1

for impulsive forces

3.2

for continuous forces
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Concept of Superposition Principle

Correct Answer (%)

25

41

subconcept in a concept of Supexposition Principle

The FCI Results in the Subconcept of Superposition Principle

4.1

canceling forces
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Concept of Kinds of Force

60

5.1

5. 2

5.3

5. 4

5. 5

Subconcepts in concept of Kinds of Force
The FCI Results in the Six Subconcepts of Kind of Force

5.1

passive

5.2

friction opposes motion

5.3 ■ air resistance
5.4

gravitation

5.5

acceleration independent of weight

5.6

parabolic trajectory
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5.6

APPENDIX D
Percentage of Freshmen Who Answered Incorrectly
in the Taxonomy of Misconceptions
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Misconception of Kinematics

30

K1

K2

Misc oncqi tun of Kinematics

The FCI Results Along the Two Misconceptions of Kinematics

K1

position-velocity undiscriminated

K2

velocity-acceleration undiscriminated
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Misconception of Impetus
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D

14

Misconception of Inpetus
The FCI Results Along the Five Misconceptions of Impetus

11

impetus supplied by “hit”

12

loss/recovery of original impetus

13

impetus dissipation

14

gradual/delayed impetus build-up

15

circular impetus
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15

Misconception of Active Force

35

AF1

AF2

AF3

AF4

j\F5

AK>

MkcancqntiiKiB of ActireFoxce

The FCI Results Along the Seven Misconceptions of Active Force

AF1

only active agents exert forces

AF2

motion implies active force

AF3

no motion implies no force

AF4

velocity proportional to applied force

AF5

acceleration implies increasing force

AF6

force causes acceleration to terminal velocity

AF7

active force wears out
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AF7

Misconception of Action/Reaction Pairs

AR1

AR2

Misconceptions of Action/Reaction Pais

The FCI Results Along the Two Misconceptions of Action / Reaction Pairs

AR1

greater mass implies greater force

AR2

most active agent produces greatest force
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Misconception of Concatenation of Influence

25
21

_

20

e
5
I

.

CI1

I

CI2

CI3

Misc oinception of concatenation of Influences

The FCI results Along the Three Misconceptions of Concepts
of Concatenation of Influence

CI1

largest force determines motion

CI2

force compromise determines motion

CI3

last force to act determines motion
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Misconception of Other Influence on Motion

30
25

£
'h

20

l

15

|

W
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5

CF

Ob

R1

G1

G2

G3

G4

G5

Misconception of Other Influences on Motion
The FCI Results Along the Eight Misconceptions of Other Influences on Motion

CF centrifugal force

Ob obstacles exert no force

R1 mass makes things stop

G1

air pressure-assisted gravity

G2 gravity intrinsic to mass

G3

heavier objects fall faster

G4 gravity increases as objects fall G5 gravity acts after impetus wears
down
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